Introduction

Motivation
• Control systems are increasingly realized as networked control systems (NCS)
• Communication leads to uncertain timevarying transmission delay τ k = τ CA k + τ SC k
• Discrete-time models of NCS depend nonlinearly on the uncertainty in τ k ◮ Standard robust control theory not applicable ◮ Polytopic overapproximation ◮ Previous work primarily focuses on stability
• Discrete-time system
with
• Continuous-and discrete-time cost function
For the discrete-time system (1) find a control sequence u(k ) such that the discrete-time cost function (2) is robustly minimized for all sequences τ k ∈ I, i.e. • Uncertain τ k ∈ I affects (1) and (2) in a nonlinear manner ⇒ Use polytopic overapproximation
Polytopic Formulation
• Taylor series expansion
+∆Q
• Truncation parts are matrix polynomials
• Polynomial orders ◮ multiplication ⇔ addition of polynomial orders ◮ integration ⇔ increase by one ◮ Truncation orders can be chosen differently but polynomial orders must be identical
Matrix Polynomial Order Truncation Orders
• The matrix polynomials can be enveloped by polytopes
• Discrete-time system with polytopic and additive norm-bounded uncertainty
• Discrete-time cost function with polytopic and additive norm-bounded uncertainty
Closed-Loop Formulation
• Full state feedback control law
• Discrete-time closed-loop system
• Discrete-time closed-loop cost function
• The additive norm-bounded uncertainty can be addressed by different approaches and will not be considered in the following.
Problem 2. For the discrete-time closed-loop system (3) find a feedback gain K such that the discrete-time closed-loop cost function (4) is robustly minimized for all sequences τ k ∈ I, i.e.
• Problem 2 is computationally intractable ⇒ Minimize an upper bound instead
Upper Bound on the Cost Function
• For a bounded value of the cost function (4) the quadratic function
for all τ k ∈ I and x(k ) = 0 upper bounds the cost function, i.e.
which follows by summing (5) over k = 0, . . . , ∞
• The maximum cost degradation w.r.t. the nominal case is given by
where P nom is the symmetric and positive definite solution of the ARE underlying the LQR problem related to a constant sampling period h and a nominal transmission delay τ nom
• Problem 2 can be redefined to: min K ,P i γ subject to (5) and (6)
Control Design
Theorem 1. An upper bound on γ is obtained from the LMI optimization problem maxγ subject toγ > 0, 
Example
• Networked control of an active suspension systeṁ
with q 1 = 1000, q 2 = 10, r = 0.02
• Timing and design parameters 
